ABSTRACT: Introduction: Herein we present an exploratory study of orofacial function in children with congenital myotonic dystrophy (CDM) vs. healthy controls. Methods: We evaluated 41 children with CDM and 29 healthy controls for speech and swallow function and for lingual and labial strength. Results: The Iowa Oral Performance Instrument (IOPI), measuring tongue strength, and a lip force meter (LFM), measuring lip strength, had excellent interrater reliability with intraclass correlation coefficients (ICCs) of 0.75 (n = 19, P < 0.001) and 0.96 (n = 20, P < 0.001), respectively. Mean overall lingual strength was 3.5-fold less and labial strength was about 7-fold less in CDM patients than in healthy controls. Eighteen of 24 children with CDM demonstrated dysarthria and an additional 11 participants were nonverbal. Dysarthria correlated moderately with lingual strength, age, and dysphagia. Strength measures correlated moderately with dysphagia. Discussion: Children with CDM have impaired orofacial functioning that affects communication and swallowing. Reliability of strength measures may be useful for future therapeutic trials.
Congenital myotonic dystrophy (CDM) is a severe form of myotonic dystrophy type 1 (DM1), characterized by significant impairment at birth in muscle tone, respiratory failure, and difficulty in sucking and swallowing. 1 In addition to speech-and swallowrelated disturbances, these individuals may have talipes equinovarus, sleep disturbances, cognitive impairment, and features of autism and attention deficit hyperactivity disorder (ADHD). [1] [2] [3] [4] Mortality in these infants is 30%-40% if they have required ventilation for ≥3 months. 5 Limitations in communication are of significant concern and impact quality of life in myotonic dystrophy. 6 Communication issues are particularly important in children with CDM who present in infancy with significant facial weakness and dysmorphia, both of which are contributors to dysphagia and dysarthria. Earlier work has provided initial characterization of lip strength, orofacial mobility, and degree of dysarthria. 7 This work is limited by validation of their quantitative measurements and limited qualitative descriptions of their speech and swallow evaluations.
In this exploratory study we expand the description of bulbar involvement in CDM, describe a reproducible and quantitative measure of lingual strength, and determine areas of correlation between strength measures and functional measures.
METHODS
Participants. Participants aged 0-13 years, 11 months with genetically confirmed congenital myotonic dystrophy and healthy controls in this same age range were recruited at the University of Utah and University of Western Ontario. Inclusion for the study required a clinical diagnosis of CDM as evidenced by one of the following: (1) symptom onset at birth requiring at least 72 hours of hospitalization; (2) documented symptoms, including hypotonia, feeding difficulty, and/or respiratory failure; or (3) CTG repeat length > 200. Control participants had the following inclusion criteria: (1) no medical diagnoses; and (2) not currently on any medication. Healthy controls could be unaffected siblings or cousins of participants with CDM, so long as the parent or participant was negative for the repeat expansion. Parents of all participants (children with CDM and healthy controls) provided informed consent after having all questions regarding the study procedures and outcomes answered by the principal investigator and/or the study coordinator. All study procedures were approved by the institutional review boards of the University of Utah and University of Western Ontario.
All participants were divided by age into 3 cohorts for testing purposes: 0-2 years, 11 months; 3.0-6 years, 11 months; and 7.0-13 years, 11 months. Children in the youngest cohort were asked to only complete the feeding/swallowing measures. All measures were completed by all subjects in the other cohorts.
Strength
Measures.
Iowa Oral Performance Instrument. The Iowa Oral Performance Instrument (IOPI; IOPI Medical, LLC, Redmond, Washington) is a device designed to measure applied pressure in a closed system using an air-filled bulb attached to a manometer. The maximum pressure a participant could apply to a pressure-filled bulb was recorded as a measure of anterior tongue strength. Previous work in healthy adults has shown a high degree of reliability. 8 Briefly, the tongue bulb was placed on the anterior tongue at the midline and the participant was asked to press the bulb to the hard palate as strongly as possible. The bulb was placed such that the entire air-filled portion of the bulb tip was posterior to the anterior mandibular teeth. This measure was repeated for a total of 3 measures once it was apparent the participant understood the task. This measure was obtained by the same evaluator on day 1 and day 2 to assess reliability.
Lip Force Meter. As a measure of lip strength, we used an Imada DS2 Digital Force Gauge (Imada, Inc., Northbrook, Illinois) attached to a Vettex Doubleguard Mouthguard Pee Wee (Model PW22; Markwort Sporting Goods Co., St. Louis, Missouri) that had been trimmed to fit the participant's mouth with the bite plate removed (refer to Supplementary Material online). The mouthguard was placed in the mouth, anterior to the teeth and posterior to the lips, and the DS2 was attached. The participants were instructed to hold the mouthguard in place with their lips without the use of suction. A continuous force was applied by the examiner directly away from the participant's mouth until the lips were unable to hold onto the mouthguard. Ideally, this was conducted with the head in a natural position and the direction of pull parallel to the floor. This measure was repeated for a total of 3 measures once it was apparent the task had been learned by the participant. This measure was obtained on day 1 and day 2 to assess reliability, and measures were taken by the same evaluator on both days.
Speech Measures. Participants that were able to read were asked to read a short reading passage entitled "Limpy the Fuzzy Yellow Baby Duck" (see Supplementary Material online). If participants were unable to read but were able to demonstrate expressive language, then they were asked to repeat this reading passage in 2-4-word increments.
Participants who were nonverbal or prelinguistic were engaged in looking at a children's book such as Touch and Feel Farm (2008, DK Publishing, New York) or Animal Sounds (2005, Random House, New York). All speech and/or sound productions were video recorded with a Canon PowerShot ELPH 135 16.0 MP or a Canon PowerShot A810 HD16.0 MP camera (Canon USA, Inc.) in a quiet clinic room. Tapes were reviewed later and dysarthria was rated on a 4-point scale as follows: 0 = 100% intelligible; 1 = reduced intelligibility, occasional repetitions required; 2 = reduced intelligibility, frequent repetitions required; and 3 = negligible speech or nonverbal, use of augmentative and alternative communication (AAC). 7 Swallow Assessment. The Oral-Motor Feeding Rating Scale (OMFRS, Pearson Education, Inc.) was used to document function of lips, cheeks, tongue, and jaw when eating and/or drinking. Observed function was rated on a scale of 0-5, where: 0 = is normal function; 1 = questionable dysfunction; 2 = <25% dysfunction; 3 = 25%-49% dysfunction; 4 = 50%-75% dysfunction; and 5 = >75% dysfunction. Participants that were able to eat orally were observed drinking thin liquid (e.g., apple juice, water, etc.) from a cup and with a straw, eating a puree item (e.g., applesauce, pudding, yogurt, etc.), a soft food item (e.g., slice of untoasted bread, soft cookie, etc.), and a hard, crunchy item (e.g., graham cracker, shortbread cookie, carrot, apple slice, etc.). All feeding was video recorded on a Canon PowerShot ELPH 135 16.0 MP or a Canon PowerShot A810 HD16.0 MP camera (Canon USA, Inc.) for later verification. Descriptive statistics for the OMFRS include median values for level of function for each quartile, where larger numbers indicate higher degree of dysfunction (Fig. 1) .
Statistical Analyses. Data were summarized as mean or median, standard deviation, minimum and maximum, frequency, and percent, as appropriate. Independent-samples ttests were used to examine the difference in measurement between the control and the CDM groups. Test-retest reliability of the day 1 and 2 measures was analyzed by computing the intraclass correlation (ICC). Analyses of the association between measures included the Pearson or Spearman correlation. The level of statistical significance was set at P < 0.05 for all tests. Corrections for multiple comparisons were not undertaken in this exploratory study, but mean differences and corresponding 95% confidence intervals were calculated.
RESULTS
This study enrolled a total of 41 children with CDM, age 0.5-13.22 years, and 29 healthy controls, age 1.34-13.93 years. Mean age was 6.8 (SD 3.3) years and 9.1 (SD 3.1) years, respectively. There was a significant age difference between children with CDM and healthy controls (P = 0.008). Detailed demographic data are provided in Table 1 . Not all affected children were able to complete all measures secondary to behavioral issues or reduced cognitive functioning limiting understanding of task.
Twenty children with CDM completed IOPI measures (49%), 21 completed LFM measures (51%), 35 completed speech measures (85%), and 40 participated in feeding assessment (98%). All healthy controls were able to complete all measures applicable to their cohort. Not all affected children were able to complete repeated strength measures on both days. Test-retest reliability (ICC) was excellent for both strength measures, with ICC = 0.75 (n = 19, P < 0.001) for the IOPI and ICC = 0.96 (n = 20, P < 0.001) for the LFM.
Tongue pressure vs. age is shown in Figure 2 as is labial resistive force vs. age. CDM patients and controls both showed increasing lingual and labial strength with age. On average, the affected children had an increase of 0.59 kPa/year for IOPI and 0.22 N/year for LFM. Healthy controls demonstrated an increase of 1.43 kPa/year for IOPI and 1.65 N/ year for LFM.
Median and mean values for tongue strength and 95% confidence intervals around the mean are presented in Table 2 .
Thirty-five affected children participated in speech assessments, but 11 of 35 children were essentially nonverbal or used augmentative or alternative communication (31%). Of the verbal children, 6 demonstrated speech that was developmentally appropriate (17%). Ten affected children exhibited mild flaccid dysarthria with occasional repetitions required (29%). The remaining 8 children presented with more moderate to severe dysarthria requiring frequent repetitions (23%) (Fig. 3) . The presence of any dysarthria showed a moderate negative correlation with IOPI performance and a moderate negative correlation with age (Table 3) . Dysarthria also had a moderate positive correlation with all swallow measures. None of our healthy controls demonstrated dysarthria.
Swallow assessments were grouped by region of function and food type: lips, tongue, jaw, liquid, and solid. Mean and median data indicate that labial function was more impaired than either lingual or mandibular function. Children with CDM demonstrated greater difficulty ingesting solids than liquids (Fig. 1 ).
DISCUSSION
Our cross-sectional, exploratory study in CDM demonstrates the intrarater reliability of a described measure of lip strength. 1, 7 In addition, we have demonstrated the intrarater reliability for use of a pressure-measuring device used in dysphagia therapy to assess lingual strength. 9 The measures of labial and lingual strength show significant differences existed between children with CDM and healthy controls.
Communication difficulties have previously been identified as the highest area of concern for parents of children with CDM. 6 We found that 17% of our study population had developmentally appropriate speech with almost one third nonverbal and/or using AAC. In addition, our data suggest that dysarthria improves with age. Children with CDM demonstrate improvement in precision of speech at a markedly later age than for typically developing children. 10 Dysphagia, and other concerns with feeding, are likely related to several deficits. These include reduced lingual and labial strength and dysfunctional jaw movement. If children are prescribed swallowing therapy, specific attention should be given to these aspects.
Limitations to our study include that genetic testing was not completed as part of the study visit and CTG repeat length was obtained through clinical sources, which may have resulted in minor discrepancies in repeat length measurement. Participants also predominantly lived far from our study centers and the financial ability to travel may have inadvertently skewed our population. The average age and age range of control participants was higher than for our affected participants, limiting direct comparison with our younger affected participants. Cognitive deficits and/or sensory concerns limited the number of children with CDM willing to participate in oral strength testing and/or eating.
Further studies to assess longitudinal orofacial performance in children with CDM would be of interest. We know that parents perceive that children with CDM tend to have a period of decreasing abilities until approximately age 6, and then make some developmental progress. 6 As children with CDM enter puberty, adult-onset phenotypes typical of DM1 are thought to become more evident.
Anterior orofacial structures are the most affected in children with CDM, leading to significant dysarthria and oral phase dysphagia. Our study has highlighted the unique phenotype of CDM and provides validity for use of quantification measures in this population. Further, our findings serve to help guide clinical care with particular attention to speech and swallow concerns in this population.
The strength measures described herein may be useful as endpoint measures that are sensitive and specific for lingual and labial strength for disease progression in future studies. They reflect a correlative and quantifiable means to assess the functional measures of speech and swallowing in CDM. Ethical publication statement: We (the authors) confirm that we have read the Journal's position on issues involved in ethical publication and affirm that this report is consistent with those guidelines. *Statistically significant (P < 0.05).
